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ABSTRACT:  ^hc  data  presei.ted  In  thia  report  thov  a  direct  effect  of  tnaulln  on  inpairaent  of  ketone  body  pro¬ 
duction  In  perfused  livers  troa  fasted  rats.  The  data  also  show  that  phvslolotlcal  levels  of  insulin  alone  or 
(lucose  aione  are  not  sufficient  to  causa  an  inpairaent  in  ketosenesis.  Only  when  insulin  and  ^lucosc  are  both 
present  at  levels  seen  in  infected  rats  Is  ketone  body  production  inpaircd.  CT  .. 


Stlaulua  tor  this  study  arose  troa  the  tact  chat 
tha  plasaa  of  Intected-tastad  rats  nas  low  ketone 
body  concentration  and  high  Insulin  levels  (1),  A- 
aong  tne  Infections  which  nave  bean  studied  in  the 
rat  are  streptococcus  pneuaoniae ,  Franciseila  cula- 
rensis,  saiaooeiia  cvpniauriua.  Foster  (J)  denon- 
ktraced  that  tne  miection  ot  insulin  into  tasted 
rats  caused  a  rapid  cransisat  decline  in  ketone  body 
coacentration.  Haft  and  Millar  (3)  showed  a  siallar 
Inhibition  ot  ketone  body  production  by  Insulin  In 
portused  livers  froa  diabetic  rats.  Polsdns  and 
Mayes  (*)  aention  In  an  abstract  with  no  esseriaental 
details  chat  the  addition  ot  insulin  to  pertused 
llvars  troa  starved  noraal  rats  resulted  in  a  reduc¬ 
tion  in  ketona  body  toraetlon.  Other  authors,  how¬ 
ever,  have  found  thit  Insulin  does  not  reduce  ketone 
body  forastion  In  the  pertused  rat  liver  (3,  6). 

This  paper  preseats  direct  evidence  for  the  coablned 
raid  ot  glucose  and  insulin  la  causing  a  reduction  ot 
ketone  body  comat  ion  froa  olslc  acid  la  partusad 
livers  froa  noraal  fasted  rata. 

METHODS 

Liver  partusions  were  pertoraad  as  described  by 
Wsnnsascher  ^  (3)  with  the  aodif  Icatlons  de¬ 

scribed  below.  TIm  pertuelon  iMdlua  consisted  of  70 
al  Krebs-Ringer  bicarbonate  buffer  (pH  7.4),  30  al  of 
uaslMd  sheep  erythrocytes.  J  g  of  fatty  acid-poor  bo¬ 
vine  sarua  albuala,  300  D  of  heparin  and  In  those 
perfusions  where  insulin  was  praseai.  enough  Insulin 
was  added  to  give  a  concentration  of  23  uualts/al. 

In  skperlasnts  where  no  glucose  was  added  the  basal 
glucose  level  was  approkiaately  30  ag/100  al.  In 
chose  ekperiaaata  where  glucose  was  added,  the  concan- 
cratlon  of  glucose  averaged  130-200  ag/100  al.  The 
ataosphere  in  Che  closed  perfusion  aystaa  consisted  of 
93X  0.,  and  3X  COy.  Perfusion  of  the  liver  was  aala- 
rslnsil  at  about  1  al/aln  per  g;  the  perfusate  was  re¬ 
cycled.  AC  the  end  of  a  «3-nia  eeuillbratlon  period, 
2.3  al  of  a  20  aH  solution  of  oleic  acid  and  laullo. 
as  described  above  was  added.  A  3-nl  saaple  ot  the 
perfusate  was  raaoved  at  0,  13,  30,  43,  and  bO  ala  or 
at  0,  10,  20.  30,  40,  30.  and  M  aln.  and  aMlysed  tor 
ketone  bodies.  The  rate  of  kaCogaMsla  was  calculated 


1)  la  conducting  the  rasaarch  described  la  this 
reperc.  the  lavasclgscors  adhered  to  cha  "(Silda  Cor 
the  Cate  and  Use  of  l.aborat«ry  Aalasls."  as  proaul- 
gscad  by  the  Coaaltccc  on  Care  and  Use  ot  Laboratory 
Anlaals  at  the  Institute  of  Laboratory  Aalanl  Re¬ 
sources,  National  Research  Couacll.  The  facilities 
are  fully  accredltod  by  the  Asarlcan  Association  tor 
Accreditation  of  Laboratory  Aniaal  (Ura. 

The  views  ef  the  authors  do  not  purport  to  re¬ 
flect  Che  positions  of  the  Departaaat  ot  tbs  Arey  or 
tbs  uepartaaac  of  Defense.  __ 
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froa  the  slope  ot  the  plot  ot  total  ketones  in  the 
eedla  tins. 

Ketone  oodles  were  decerained  as  described  by 
Neutald  ^  (6)  and  glucose  as  described  by  bud- 
duth  at  al.  (7). 


RESULTS 

If  glucose,  without  exogenous  insulin  Is  added 
to  Che  pertusats  so  that  Its  concentration  Is  at  or 
ciosa  to  chat  seen  In  the  blood  of  noraal  fasted 
rats,  130-200  ng/100  al.  chars  is  no  etfacc  on  nepa- 
cic  katogenesis  (Fig.  1).  Additionally,  If  insulin, 
without  added  glucosa,  at  a  leval  close  to  or  equal 
to  23  uU/nl  Is  added  to  Che  pertusace,  there  Is  no 
Inhibition  of  ketone  body  foraaclon.  If,  howeyer, 
cha  liver  is  pertused  with  a  nedliei  which  contains  s 
high  glucose  concentration  (130-20U  ng/lOO  al)  and 
Insulin  at  a  level  of  23  uU/nl,  there  Is  a  4UX  Inhlbl 
Cion  in  the  Ability  ot  cha  liver  to  Cera  ketones. 


Figure  1.  Efface  of  glucosa,  insulin.  >nd  glucose  y 
Insulin  on  katone  body  foraaclon  froa  olslc  acid  In 
cha  pertused  livers  froa  fasted  rats.  *P  <_  0.03  y^. 
A,  B,  and  C.  Oleic  acid  Q  ;  tUelc  acid  *  glucose 
(200  Bg/100  al)  B  i  Olalc  acid  *  Insulin  (23  uU/al) 
Q  ;  Olalc  acid  e  insulin  (23  uU/al),  and  glucosa 
(200  ag/100  nl)  ■  . 


- pilgiliTO' - 

Data  prssonted  bv  NcufclJ  ec_  a_l_.  (1)  and  Kueda- 
ski  et  al.  (8)  indi-utad  an  apparent  inportant  role 


I  (or  insulin  in  ch«  rsducclon  of  kctono  body  fonuclon 
in  Ctw  livsrs  o(  rats  wnicti  ware  iatacced  or  In  which 
jn  inflsaad  scaca  was  inducad.  Ocher  Indirect  evi> 
lance  cor  the  role  ot  Insulin  In  states  of  low  setone 
body  concentration  has  been  presented  by  Woods Idc  and 
I  Hesabera  (9)  who  observed  that  the  addition  ot  ancl- 
insulln  serua  Increased  the  rate  of  kctoaeneais. 

They  also  observed  chat  the  addition  of  glucoae  to 
Che  pertusate  depressed  hctoeeneels,  a  situation  not 
found  CO  be  so  in  Che  worh  reported  here.  Their  wrk, 
however,  was  priasrlly  with  the  livers  troa  diabetic 
cats.  Poledne  and  ^Uycs  (a)  reported  In  an  abstrecc 
that  insulin  decreased  ketone  body  producCloa. 

Miller  <10)  deaonatrated  a  direct  etfecC  ot  in- 
eulln  on  hepatic  gluconeogenesis  with  no  aentlon  of 
ketogenesis.  Other  invest iKators,  Penhos  (11) 

and  hate  (12)  ware  unable  to  show  any  eftect  of  Inau- 
lln  on  kecogenesis.  Haft  concluded  that  the  decraaae 
In  ketone  body  concentration  observed  following  the 
In  VIVO  adalniscracion  of  Insulin  could  not  be  es- 
plalnad  by  a  direct  inhibition  of  hepatic  tatty  acid 
oxidation. 

The  discrepancy  between  Haft's  results  and 
ethers'  with  the  data  presented  in  this  report  can. 
perhaps,  be  explained  by  Che  difference  in  the  con- 
2  centracion  of  glucose  in  the  :>ertuaaca.  In  our  hands, 
when  no  glucoae  is  added  to  the  pertusate,  the  endo¬ 
genous  concentration  of  glucose  in  the  perfusate  la 
slightly  In  excess  of  50  ng/lOO  nl.  .\dded  insulin 
with  this  concentration  of  glucose  caused  no  Inhibi¬ 
tion  ot  ketone  body  fomacion  fron  oleic  acid.  If. 
however,  sufficient  glucose  Is  added  so  chat  Its  con- 
cencretlon  in  the  pertusate  la  close  to  that  observed 
In  Che  fasted  state  of  the  rat.  Inhibition  of  keco- 
genesis  from  oleic  acid  by  added  Insulin  is  observed. 

The  data  presented  In  this  report  conflm  Che 
direct  effect  of  Insulin  on  ketogenesis  and  add  ui- 
portance  to  the  observed  Increeea  in  plaana  insulin 
in  fasced-lnfecced  tats  (2).  In  conclusion,  this 
study  desonstrates  the  glucose-dependent  role  of  In¬ 
sulin  In  the  suppression  of  hepatic  ketosis. 
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